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Contribution of Lead in Dust to
Children's Blood Lead
by Michael J. Duggan*

The importance of urban dust as a source of lead for young children is still disputed. Although
blood-lead data from various population surveys usually show a peak concentration in early child-
hood, there is evidence that such a peak is small or absent altogether in children without much ac-
cess to the general environment. An examination of those studies where groups of people in regions
of low and high lead contamination have been compared shows that the child/adult blood-lead ratio
is almost always enhanced in the more exposed groups. This implies a route of lead uptake which is
important for children but less so for adults, and it is likely that this route is the dust-hand-mouth
one. There are sufficient data to suggest a quantitative relationship between raised levels of blood
lead and lead in dust. There is a strong case for a lead-in-dust standard but some will probably
remain unpersuaded unless or until there are reliable data for blood lead and environmental lead
involving matched groups of young people from urban and rural areas.

Introduction
Several authorities have set standards or guide-

lines for community exposure to airborne lead.
These imply, and in some cases have been explicitly
derived from, maximum allowable increases in
blood-lead levels. For example, the Commission of
the European Communities proposed standard of 2
Mg/m3 has been based on the premise that the contri-
bution made by inhaled lead to the blood-lead level
should not exceed 5,g/dL (1). However, inhalation
not the only route by which people take in lead
from the environment. Many authors have suggest-
ed that the unwitting ingestion of dust via dirty
hands gives rise to a significant lead intake, particu-
larly for young children. If this is so, then it would
seem reasonable to define a standard in terms of
any combination of airborne lead and lead in dust
which brings about some maximum allowable in-
crease in blood lead level (2, 3).
Not all agree with the view that lead in dust rep-

resents an important source of lead for urban chil-
dren. Studies showing the variation of blood-lead
level with age usually show a peak value at 2 to 3
years, and Ter Haar (4) attributes this to the
gnawing of paintwork by children in this age group.
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Chamberlain et al. (5) have pointed out that several
surveys of blood-lead levels in children and their
mothers show child/mother ratios in the region of
1.3. Further, blood-lead levels are almost always
found to be higher in adult males than females; the
male/female blood-level ratio is often rather more
than 1.3. So the blood-lead levels of young children
appear to be intermediate between those of their
parents. Chamberlain comes to the conclusion
(personal communication) that for urban areas-ex-
cluding the immediate vicinity of smelters -there is
no evidence of an important pathway of lead uptake
which affects children but not adults. The UK De-
partment of Health and Social Security Working
Party on environmental lead (6) apparently reached
the same conclusion, since they ignored any uptake
from dust and dirt in their estimates of the contri-
butions of various sources of lead to the body
burden of inner-city children. However, there are
data from several types of study which suggest that
lead in dust makes a significant contribution to the
blood lead of urban children.

Effects of Living in a
Contaminated Area
A number of studies have been reported in which

the blood-lead level of children appears to be re-
lated to the level of lead contamination in their en-
vironment. The source of contamination is usually a
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smelter, or an occupationally exposed par(
central urban area or a naturally occurring
concentration of lead in soil. The usual appro
the investigators is to identify two (somE
more) groups of children who are exposed to
ent levels of contamination. Measurements ar
made of the children's blood-lead levels and
environmental contamination; besides lead ir
and soil, the environmental measurements u
include airborne lead, and sometimes lead in
and in food.

There are several recent reviews (2, 7) of s
of this kind, and so they will not be discussed
detail here. The major finding in almost all of
is that the children living in the more contami
areas have the higher blood-lead levels and th
inhalation of airborne lead is not sufficiei
planation. There must therefore be other
besides inhalation which are important i
transfer of lead from the environment to ch
and the ingestion of lead in dust via the ha
one obvious possibility.
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The quantitative relationship between children's
blood-lead levels and the concentration of lead in
dust which can be inferred from these studies is dis-
cussed later in this paper.

Variation of Blood-Lead Level with
Age

w.-3Uater A few surveys of blood-lead levels in a large sam-water
ple of the general public have been carried out from

;tudies which some picture of the change in level with age
in any can be obtained. Two such surveys are the one
f them made in Birmingham UK (8) and the one made in
inated the United States as part of the Second National
at the Health and Nutrition Examination Survey (9). The
nt ex- results from these two surveys are summarized in
routes Figures 1 and 2. In spite of major differences be-
n the tween the study populations, there are some simil-
uildren arities in the two sets of results. Both show a peak
nds is childhood value occurring at 2-3 years, followed by

a decline until early adolescence; there is little or no
variation with sex during this period. During adoles-
cence the blood-lead levels of the males, but not the
females, rise quite sharply. After adolescence there
is a slow rise until middle age, and then some sug-

.Males gestion of gently declining levels throughout the
Females rest of life. A male/female ratio greater than unity

persists from adolescence onwards. The blood-lead
results from the most recent UK survey [10] are
shown in Figure 3 (inner and outer city measure-
ments combined), and give a rather similar pattern;
the report on this study does not give the basic data
for children but it does contain a graph of blood-lead
level (controlled for a number of variables) against
age which shows a maximum value at 2 years. Fig-
ures 1-3 illustrate the need to define age when re-
ferring to the blood-lead levels of a population. For

-60 adults in the age group 20 to 40 years and 2-year-old
children, some blood-lead ratios of interests are

FIGURE 1. Blood-lead levels in Birmingham, UK; from De-
partment of the Environment (7).
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FIGURE 2. Blood-lead levels in the United States; from Ma-
haffey et al. (8).

FIGURE 3. Blood-lead levels in the United Kingdom; from
Department of the Environment (9).
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given in Table 1. It is not clear how the blood-lead
level changes during the first year or so of life. The
concentration of lead in cord blood is usually slight-
ly lower than that in the mother's blood, and this
implies that the initial rise shown in Figures 1 and 2
is the continuation of -.a rise that started at birth.
However, it has been suggested that the blood-lead
level actually falls during the first few months of
life before beginning to rise. Haas and his co-work-
ers (11) measured the blood-lead levels of several
groups of people in a German city: 294 mothers,
their newly born infants (by cord-blood samples),
162 hospitalized children aged 8 days to 5 years
(those with conditions likely to influence blood-lead
levels were excluded), and 201 healthy children
aged 6 years to 8 years. The mean blood-lead levels
of mothers and their newly born were unremark-
able (16.9 M.g/dL and 15.7 ,ug/dL respectively) but the
levels in the other children were unusual in their
very low values during the first year of life, and
their steady rise in subsequent years with no evi-

Table 1. Blood-lead ratios from three surveys.

No. of people Blood-lead ratio
Survey examined Man/woman Child/woman
Birmingham (1978) 1607 1.56 1.38
NHANES (1979) 4635 1.54 1.55
UK Dept. of 4981 1.35 -

Env. (1981)

14.

12.

10.

dence of a peak value during the second or third
years. The results are summarized in Figure 4. The
ratio of blood-lead levels in 2-year-old children com-
pared with women was about 0.4.
There are other studies which suggest that chil-

dren isolated from a normal environment show little
or no evidence of peak blood-lead levels at 2-3 years.
Sartor and Rondia (12) measured lead concen-
trations in blood collected from blood donors (adults
of course) in Liege, and from 127 children (0 to 14
years) in a hospital in the same city. Their results
are summarized in Figure 5. It can be seen that the
ratio of blood-lead levels in 2 year-old children com-
pared with women is about 0.9. Nygaard et al. (13)
looked at the blood-lead levels of 126 young children
from seven different areas in Denmark. Their re-
sults are summarized in Table 2.

There are some significant differences between
the mean blood-lead concentrations of the groups
but there is no obvious relationship between age
and blood lead. The two groups (K and F) having
the lowest blood-lead values might have been ex-
pected to be among the highest if there were a peak
at 2-3 years. Both these groups were isolated from
the general environment insofar as group K were
children in hospital, and group F were from a day
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FIGURE 5. Blood-lead levels in adults and hospitalized chil-
dren in Liege; from Sartor and Rondia (11).

Table 2. Blood-lead levels of Danish children.a

Blood-lead level, pg/dL
950/0

No. of Mean age, confidence
Group children yr Mean interval
A 20 5.0 6.7 ± 1.22
G 9 4.8 9.2 ± 1.82
D 6 4.6 10.1 ± 2.22
B 9 3.9 6.9 ± 1.82
K 64 3.8 5.6 ± 0.68
C 10 3.7 8.3 ± 1.64
F 8 1.8 4.3 ± 0.50
a Data of Nygaard et al. (13).
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FIGURE 4. Blood-lead levels in newborn, hospitalized, and
school children in Nurnberg; from Haas et al. (10).
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nursery. The authors (13) comment that "Children
of that age at day nursery are protected from con-
tact with the environment compared to the kinder-
garten children in group G from the same place."9

It is worth noting here that blood-lead surveys
carried out in Scandinavian countries tend to give a
different picture from the UK and US surveys
mentioned earlier. Thus, the survey made by
Nygaard et al (which included adults as well as
children) showed generally low blood-lead levels and
a steady increase in the level from birth to old age
with no significant differences between males and
females; the number of people (about 100) from
whom samples were taken was rather small. Rela-
tively low blood-lead levels in adults have also been
reported by Nordman (14) and in young chlidren by
Bach (15) and by Taskinen et al. (16).

Gibson and her colleagues (17) looked at three
groups, each containing 20 children, from Glasgow.
All the children were between 3 and 11 years old
and matched for age within the groups. Group A
was composed of children of normal intelligence,
group B of children mentally retarded from known
causes (mongolism, phenylketonuria, or severe or-
ganic brain damage) and group C of children who
were mentally retarded in the absence of any recog-
nized cause. The results of this study are summa-
rized in Table 3. The authors suggest that the rela-
tively low blood-lead levels found in group B may
have been due to these children being under closer
supervision and being more restricted in their
movements than the other two groups.

Zielhuis et al. (18) measured lead concentrations
in blood from 48 patients (2 months to 6 years of
age) in an Amsterdam hospital. They found a signifi-
cant positive relationship between age and blood
lead. For example, the blood-lead level of the 0-3
year age group was 11.9 M*g/dL while that of the 4-6
year age group was 15.5 jAg/dL. In other words, no
peak value at 2-3 years was observed.

It is of course quite possible that children in
hospital eat less, and so take in less lead, than com-
parable healthy children. Presumably, this would
tend simply to lower the blood-lead levels in all age
groups. The peak value at 2-3 years would show up
even in hospitalized children if it were a basic char-
acteristic of this age. It does not. Moreover, in the

Table 3. Blood-lead levels of three groups of children.a

Blood-lead level No. of children
Group (mean ± SD), Mg/dL >40 Mg/dL
A 29.6 ± 18.6 3
B 16.4 ± 9.8 0
C 32.4 ± 30.3 6
a Data of Gibson et al. (17).

two studies (11, 12) where measurements were
made on both hospitalized, and normal individuals,
there is a smooth transition between the blood-lead
levels of the two groups (Fig. 4 and 5).

It is difficult to make theoretical estimates of the
blood-lead levels of children. The ratio of the intakes
of air and food per unit blood volume of young chil-
dren compared with women is about 1.5 (19). But it
does not follow that the ratio of blood-lead concen-
trations (child/mother) to be expected is also 1.5, be-
cause there are other parameters- notably the frac-
tion of ingested lead which is transferred to blood,
and the clearance rate of lead from blood -which
probably vary with age. There are no measured
values of the half-life of lead in blood for children
and very few measurements of gut absorption. But
even if calculations of blood-lead levels are made
with assumed values of these and other parameters
(food intake, air intake, concentrations of lead in
food and in air, blood volume, etc.) it requires
curious assumptions to produce a curve of blood-
lead versus age which shows a peak in early child-
hood.
A plausible working hypothesis is, then, that if

lead in diet and in air are the only significant con-
tributors to total lead intake, the concentration of
lead in blood increases smoothly from the first year
of life until at least middle age; during adolescence,
the increase is much more marked for males than
for females. The occurrence of child/woman blood-
lead ratios greater than unity (more accurately,
greater than some number less than unity) indicates
an important pathway of lead uptake affecting
children and not adults.

ChildlAdult Blood-Lead Ratios
in Areas of High and Low
Contamination

Those studies in which investigators have com-
pared two or more groups of people exposed to dif-
ferent levels of lead contamination are of interest. If
the uptake of lead in dust is important for children,
but less so for adults, then the child/adult blood-lead
ratio might be expected to be higher in the more
contaminated area.
Elwood et al (20) measured the blood-lead levels

of mothers anid children (0-5 years) living in the vi-
cinity of a large battery factory. They studied two
groups: leadworkers' families, and randomly select-
ed controls. A summary of their capillary-blood
measurements is given in Table 4. The child/mother
blood-lead ratio is greater for the group exposed to
the higher contamination.

Johnson et al (21) studied two populations in
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Table 4. Blood-lead levels of mothers and children.a

Mean blood-lead levels,
jAg/dL Ratio

Group Children Mothers child/mother
Leadworkers' 33.1 23.6 1.40

families
Control families 27.0 21.9 1.23

a Data of W. Elwood et al. (20).

California, one living near a Los Angeles freeway,
the other at Lancaster in a desert area. The popula-
tions were divided into three age groups: group I
(0-16 years), group II (17-34 years) and group III (35
years and over), and males and females were consid-
ered separately. The authors expressed the mea-
sured blood-lead values in terms of both arithmetic
and geometric means; the latter are used in this
discussion. Some of their results are given in Table
5. The child/woman ratio is greater in the more ex-
posed group; the effect is rather more pronounced if
the arithmetic means are used. It is possible to
make estimates of a from these data: a is defined as
the increase, APb(B), in blood-lead level which arises
from an increase, APB(A), in the concentration of air-
borne lead. If it is assumed that the difference be-
tween the Los Angeles and Lancaster blood-lead
levels is due solely to the higher intakes of inhaled
lead by the Los Angeles groups, then the value of a
for male children is 1.8, for female children it is 0.9
and for adults (group II males and females com-
bined), it is 0.6. It seems unlikely that such dif-
ferences in a really exist, and the assumption that
inhalation is the only important route for children
could therefore be incorrect.

In a study carried out around a lead smelter in
Belgium, Roels et al. (22) measured the blood-lead
levels of children (9-14 years) and some teachers at
two schools within 1 km of the smelter, and also at
two control schools. The relevant results are sum-
marized in Table 6. The child/teacher ratio is
greater for the schools nearer the smelter. A
possible explanation might be that the teachers at
the 'near smelter' schools tended to live further
away from the smelter than the children and so
were exposed to lower average concentrations of
airborne lead. The value of a for the teachers
(estimated from Table 6) is about 2-the commonly
accepted value-which suggests that they were
exposed to the concentrations of airborne lead
quoted in Table 6 for most of the time. The value of
a for the children (again, estimated from Table 6) is
about 7. This is an unusally high value and suggests
that, either the children were affected by an ad-
ditional route of lead to the body, or their homes
were much nearer the smelter than were the

Table 5. Levels of air and blood lead in California.a

Mean blood-lead level, JAg/dL Ratio,
Air Group I Group II child
lead, (M& F)/

Area jAg/m3 M F M&F M F woman
Los 6.3 20.8 14.9 18.0 15.1 11.8 1.53

Angeles
Lancaster 0.64 10.4 9.6 10.7 10.9 8.0 1.34

a Data of Johnson et al. (21).

Table 6. Air and blood-lead levels near a Belgian smelter.a

Air Mean blood-lead level, Ratio,
Type of lead, ,ug/dL child!
school lAg/m3 Children Teachers teacher
Near 2.68 27.8 18.0 1.54

smelter
Control 0.46 11.7 12.8 0.91

a Data of Roels et al. (22).

Table 7. Blood-lead levels of mothers and childrena

Mean blood-lead level,
Soil lead pg/dL Ratio,
content Children Mothers child/mother
High 29.0 14.2 2.0
Medium 13.8 18.7 1.3
Low 20.7 14.1 1.5

a Data of Barltrop et al. (24).

schools. This latter explanation seems unlikely from
the authors' description of the study area (23).

Barltrop et al. (24) measured the blood-lead levels
of mothers and children exposed to lead contaminat-
ed soils and dusts in a rural area of Derbyshire with
minimal atmospheric pollution. The data were clas-
sified into three groups depending on the soil-lead
content found at the child's home and are summa-
rized in Table 7. The child/mother ratios do not
show a trend with soil-lead content.

Yankel et al. (25) carried out an extensive envi-
ronmental survey around a large lead smelter in
Idaho. They placed their study population into sub-
groups according to age and distance from the
smelter; the region was divided into five areas (area
I nearest to and area V furthest from the smelter),
and there were two control areas. Some of the re-
sults are given in Table 8; their figures for 2 year-
old and for 3-year old children have been pooled.
The child/adult blood-lead ratio tends to decrease as
the distance from the smelter increases, i.e., the
ratio is enhanced for the more exposed groups.

In a study of environmental contamination
around a lead smelter in London, Lansdown et al.
(26) measured blood-lead levels in mothers and chil-
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Table 8. Blood-lead levels of adults and children.a

Mean blood-lead level,
,*g/dL

Children Ratio,
Region (2-3 yr) Adults child/adult
I (near smelter) 73.5 37 2.0
II 53 33 1.6
III 36 30 1.2
IV 34.5 34 1.0
V (far from
smelter) 32 32 1.0
VI Control 23.5 - -
VII Control 29 32 0.9

a Data of Yankel et al. (25).

dren and grouped the results according to the dis-
tance of the homes from the factory. The figures in
Table 9 are derived from their results. The
child/mother ratio is higher for the group living
nearer the factory.

Millar (27), in a study of contamination around
another lead works in London, measured the blood-
lead levels of both leadworkers' children and com-
munity children. He reported no measurements on
adults, but since he grouped the children by age it
is possible to compare the blood-lead levels of young
(0-4 years) and older (11-16 years) children. His re-
sults for workers' children and for community chil-
dren are summarized in Tables 10 and 11, respec-
tively. In each case, the young child/old child blood-
lead ratio is higher for the more exposed group.

Differences between the blood-lead levels of
young and older children (but not adults) are also re-
ported in a study carried out by Schmitt and his co-
workers (28) around a smelter in Canada. They
grouped their results by age and distance of home
from the smelter as shown in Table 12. There is a
consistent pattern. The young child/old child blood-
lead ratio increases both with increasing contamina-
tion and with the gap between the two age groups.
In another Canadian study, Roberts et al. (29) also
measured the blood-lead levels of people living in
the neighborhood of smelters. The authors did not
report the data for children and adults separately,
but they noted that "although there was no signifi-
cant trend for adults, the blood-lead concentrations
of the children increased with proximity to both
smelters." It follows that the child/adult blood-lead
ratio was higher for the more exposed groups.
Day et al. (30) looked at blood-lead levels in a

group of people living close to a motorway immedi-
ately before and at two intervals after its opening.
Some of their results are given in Table 13. Neither
the absolute blood-lead levels, nor the child/woman
ratios, show any trend with time. The traffic flows
on this motorway (about 20,000 vehicles per 24 hr)

Table 9. Blood-lead levels of mothers and childrena

Distance from
factory, m

Mean blood-lead level,
,ug/dL

Children (5 yr) Mothers
Ratio,

child/mother
<400 38 30 1.27
400-500 31 26 1.19

a Data of Lansdown et al. (26).

Table 10. Blood-lead levels of community and
leadworkers' children.a

Mean blood-lead level,
Mg/dL

Young Old Ratio
Group children children young/old
Leadworkers' children

27.4 17.5 1.57
Community children

21.1 15.6 1.35
a Data of Millar (27).

Table 11. Blood-lead levels of community children
according to distance from factory.a

Mean blood-lead level,
,g/dL

Distance of home Young Old Ratio
from factory, m children children young/old
<280 m 22.4 15.6 1.44
280-400 19.7 15.6 1.26

a Data of Millar (27).

were not particularly high, and their growth was to
some extent balanced by falls in traffic flows on
already existing roads.
Worth and her colleagues (31) measured the

blood-lead levels of several hundred people in Mas-
sachusetts in an investigation designed to find the
contributions made by tap water and other sources
to lead intake. A minority of the study population
were "referrals from the neighborhood health cen-
tres;" the authors do not indicate why referrals
were made but presumably increased exposure to
environmental lead was suspected. The relevant
results are given in Table 14. The child/ adult blood-
lead ratio is greater in the more exposed group.

In almost all the studies mentioned in this sec-
tion, the result is the same: the child/adult (or young
child/old child) blood-lead ratio increases as the level
of lead contamination increases. In all the studies,
either all-venous or all-capillary blood sampling was
used. No attempt has been made to calculate the er-
rors associated with the individual ratios tabulated
above, indeed it is not always possible to do so from
the published data. However, it is unlikely that
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Table 12. Soil and blood-lead levels near a Canadian smelter.a

Distance Mea
from Soil of
smelter, lead,

rn blood-lead level
children, 1g/dL Ratio,

youngest/
km ppm 1-3 yr ca. 6 yr ca. 15 yr oldest

<1.6 1662 28.8 25.1 10.4 2.8
1.6-3.2 1341 26.6 24.6 11.8 2.3
>3.2 354 18.7 17.8 11.5 1.6

a Data of Schmitt et al. (28).

Table 13. Blood-lead levels of women and children
near a motorway.a

Mean blood-lead level,
Time of pg/dL
measurements Children (0-10 yr.) Women
Before opening 16.3 14.0
6 months after 15.4 13.9
opening

1 year after 16.5 14.7
opening
a Data of Day et al. (30).

Ratio
child/woman

1.16
1.11

1.12

chance is responsible for the similar pattern of so

many diverse studies.
Although it is probable that the fraction of ingest-

ed lead which is transferred to blood is higher for chil-
dren than for adults (32, 33), there does not appear to
be any evidence that this fraction - or any of the
other relevant toxicokinetic parameters for children
and adults - will vary with intake in such a way as

to produce the enhancement of the child/adult blood-
lead ratio observed in contaminated areas. Indeed,
there is some evidence to the contrary from two dif-
ferent blood-lead studies of mothers and their chil-
dren: that carried out by Elwood et al. (34) in Wales
and that carried out on mothers and babies in Glas-
gow (10). In both studies, the mothers and their chil-
dren had unusually high intakes of ingested lead be-
cause of high concentrations of lead in water. How-
ever, the child/mother blood-lead ratio was close to
unity in each study (the numerical value of the ratio
was the same in each study -1.05).

The results from most of the studies described in
this section do therefore indicate a pathway to the
body which is more important for children than for
adults, but they provide no information as to its
nature.

Possible Routes from the
Environment to the Body
As was noted in the Introduction, the ingestion of

lead in dust via the hands has frequently been sug-

gested as an important pathway for young children.
It might be inferred to be so from the most casual

Table 14. Blood-lead levels of adults and children
in Massachusetts.a

Mean blood-lead level,
pg/dL

Children Adults Ratio,
Type of case (2-6 yr) (20-50 yr) child/adult
Referred 32.85 21.91 1.50
Nonreferred 23.99 18.99 1.26

a Data of Worth et al. (31).

observation of young children's behavior and was
discussed as long ago as 1904 by Gibson (35). How-
ever, other possible reasons for a high uptake of
lead during early childhood have been put forward.
The value of a may be larger for young children

than for adults. Children inhale more air relative to
their body weight than do adults. If the fraction of
inhaled lead transferred to blood, and the half-life of
lead in blood are assumed to be the same for the
child as for the adult then a for a 2-year-old child
would be about 4 (36, 37). However, such estimates
are of limited value, because there is no reason to
believe that these two parameters are the same for
child and adult; further, it seems unlikely that a
would peak at 2-3 years of age. The results from
some of the environmental studies make it difficult
to accept that the enhanced blood-lead levels found
in children are a consequence of a high value of a.
For example, if the differences in blood lead report-
ed by Schmitt et al. (28) were due solely to inhala-
tion, a value of a equal to zero would have to be as-
sumed for 15-year-old chldren, together with a very
high value (probably about 7) for the youngest chil-
dren. Again, high blood-lead values of leadworkers'
children, which correlate well with lead in house-
dust, have been reported by some authors. The
levels of airborne lead are not usually given but are
probably quite low. An explanation of the results
based on inhalation would require the assumption of
very large differences, APb(A), in the concentrations
of airborne lead at different workers' houses,
and/or very large values of a. For example, in the
study reported by Baker et al. (38), the difference,
APb(B), between the highest and lowest blood-lead
groups was 43,g/dL. Any combination of APb(A)
and a which would give this value of APb(B) is
scarcely believable. Finally, Walter et al. (39), in an
examination of the data from their Silver Valley
study, carried out an analysis to identify the impor-
tant variables (in the prediction of children's blood-
lead levels) and how these changed with age. They
concluded that the effect of airborne lead was vir-
tually constant for all age groups (1 year to 9 years
of age), while the effect of household dustiness de-
clined with age.
Some airborne lead is deposited onto food and
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kitchen utensils. This entry route may well be re-
sponsible for a significant fraction of some people's
total intake (40) but it is probably equally important
for both children and adults and is unlikely to ac-
count for an enhanced child/adult ratio. It could
however be partly responsible for an enhanced
urban/rural ratio.
The resuspension of deposited lead and its subse-

quent inhalation has been mentioned as a factor
which may be more important for young children
than for adults (23, 28). It is difficult to judge the re-
lative importance of this pathway, but there are
some pointers. Thus Lepow et al. (41), in an attempt
to resolve this problem, measured the concentration
of airborne lead at two heights (2 ft and 5 ft) at each
of four sites where their study children played. The
differences between the concentrations at the two
heights were not significant at any of the sites.
Again, during the study mentioned earlier, Roels
and his colleagues (22) measured not only airborne
lead and blood-lead levels, but also the amount of
lead, Pb(H), on the hands of the children. The au-
thors found that the multiple regression coefficient
of Pb(B)Pb(A)log Pb(H) calculated for the four
groups of children combined was highly significant.
Standardization for Pb(A) resulted in a still signifi-
cant partial correlation between Pb(B) and log
Pb(H), whereas the partial correlation between
Pb(B) and Pb(A) became insignificant when stan-
dardized for log Pb(H). The authors concluded that
the ingestion of lead via dirty hands was a much
more important factor contributing to Pb(B) than
was Pb(A). A further finding of interest was that
the boys had significantly higher Pb(H) levels and-
like the boys in the study of Johnson et al (21)- sig-
nificantly higher Pb(B)levels, than did the girls. The
average boy/girl ratios for these two parameters
were about 2 and 1.2, respectively.

Several workers (41-44) have shown that
measured values of the lead present on children's
hands, combined with quite modest assumptions
about the frequency of hand mouthing, suggest that
many children are likely to ingest substantial
quantities of lead (comparable with the amount
taken in via diet) by the hand-to-mouth route. A
study by Charney et al. (45) is of interest. About 50
children with high blood-lead levels (40-70 ,g/dL)
were matched with 50 children with low levels (less
than 29 jg/dL), and housedust lead, lead on hands,
and several other variables noted for each child.
Children in the high blood-lead group showed
significant differences from the low lead children in
a number of ways: for example, they had higher
hand-lead levels, their homes had higher dust-lead
levels, they played more often in outside soil and
their soil had a higher lead content, they mouthed

objects more often and they sucked their fingers
more often.

There are, then, some grounds for believing that
the ingestion of lead in dust, sometimes soil, via the
hands is the pathway mainly responsible for the en-
hanced child/adult blood-lead ratio so frequently ob-
served.

Quantitative Relationships
A review of those published studies from which a

quantitative relationship between children's blood-
lead levels and the concentration of lead in dust or
soil can be inferred has been carried out (2). It was
concluded that the factor 6, defined as the incre-
ment, APb(B) in blood-lead level associated with an
increment, APb(D) in the concentration of lead in
dust or soil, varied from about 1 to 10l g/dL/1000
ppm, with a median value of about 5 .g/dL/1000
ppm. The increase in blood-lead level indicated by
this relationship is additional to any increase due to
airborne lead.

Since that review, the Department of the Envir-
onment has reported the UK results for the first
campaign of the EEC screening program for lead
(10). The report details blood-lead measurements
made on children living in the vicinity of smelters
and on children living near busy roads. A report on
measurements of environmental lead near some of
these works and roads has also been published (46).
It was therefore anticipated that estimates of 6
could be derived from all these data, but this has
not proved possible. There is not sufficient cross-re-
ferencing between the blood lead and the air and
dust lead measurements, and the dust sampling was
confined to gutters of major roads, together with a
very few house interiors. A possible exception is
provided by the data from the Greenwich Survey.
More children (400 in all) were examined here than
any of the other locations, and additional environ-
mental measurements are available from another
survey (47). However, the two surveys were carried
out at different times, and the area around the lead
works was subdivided in different ways. It is there-
fore difficult to combine the dust and blood-lead
data properly, but a low value of 6-probably about
unity -is indicated.
The investigation carrried out by Barltrop et al.

(24) in Derbyshire is often cited as a study which
shows that, although lead in soil and dust does have
some effect upon blood lead, the effect is a small
one. The relevant results are given in Table 15. The
values of 6 obtained from these data are about 0.6
and 4 pg/dL/1000 ppm for the lead in soil and lead in
dust, respectively. Since 2-year-old children spend
more of their waking hours indoors than in the
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Table 15. Mean levels of lead in soil, dust and blood
in three regions in Derbyshire.a

Lead in
soil, ppm

420
3390
13969

Lead in
housedust, ppm

531
1564
2582

Lead in
children's blood,

pg/dL
20.7
23.8
29.0

a Data of Barltrop et al. (24).

garden, the value of 6 for housedust is the one of
greater significance. This value of 4 ,Ag/dL/1000 ppm
is close to the median value (5 ,g/dL/1000 ppm) ob-
tained from the review.
Some work by Rice and her colleagues (48) was

not used in the review because they measured zinc
protoporphyrin (ZPP) and not blood-lead levels in
their study children. However, in one of the studies
which was used - that by Watson et al. (49)- the au-

thors measured both blood-lead and ZPP levels.
Their blood-lead measurements gave a value for 6 of
about 7 ,ug/dL/1000 ppm -fairly close to the median
value; their ZPP measurements give a value for
6(ZPP) of about 9 ,ug ZPP/dL/1000 ppm. The value of
6(ZPP) estimated from the results of Rice et al. is
about the same-11 ,AgZPP/dL/1000 ppm. Erythro-
cyte protoporphyrin varies exponentially with
blood-lead level and it may therefore be more appro-
priate to work in terms of the logarithm of the ZPP
level. The values of 6 (ln ZPP) obtained from the
Watson and the Rice studies are 0.26 and 0.23, re-

spectively. Hence, the work of Rice et al. suggests a

quantitative relationship (between body lead and
lead in dust) similar to the one derived in the re-

view.
Another study not included in the review is that

carried out by Schmitt et al. (28); their measure-
ments are summarized in Table 13. The authors
quote only one measurement of airborne lead: the
annual concentration in the region nearest the
smelter was 2 Mg/m3. However, it seems unlikely
that airborne lead had much effect on the mean

blood-lead levels given in Table 12; if it had had, one

would expect a decrease in the 15-year-olds' blood-
lead levels with increasing distance from the smel-
ter. On the assumption that airborne lead was not
influential in determining the differences in blood-
lead levels observed, then the value of 6 estimated
from Table 12 for 1 to 3-year-old children is about 8
Ag/dL/1000 ppm.

Finally, some recent work by Milar and Mushak
(50) is of relevance here. In one part of their study
the authors report a decline in the blood lead of a 2-
year-old child over a 9-month period during which
lead-decontamination procedures (principally, the
thorough cleaning of carpets) were carried out on

three occasions at the child's home. During this
period, the level of lead in house dust fell from
about 8000 to 2000 ppm, and the child's blood-lead
level fell from about 50 to 20 ,ig/dL. This is only one
case, but the concommitant decline in the values of
the two parameters is suggestive; the value of 6
from this part of the study is 5 pg/dL/1000 ppm. In
another part of the study, measurements were
made of the concentration of lead in house dust and
of the blood-lead levels of 17 children between the
ages of 1.5 and 4 years who were exposed via a
parent to lead from industrial sources; the children
had an average blood-lead level of 44 ,Ag/dL, and the
concentration of lead in the house dust of their
homes was about 3000 ppm. A group of control chil-
dren of the same age, but not exposed to lead from
industrial sources or from lead-based paint, had an
average blood-lead level of 18 pg/dL and the aver-
age concentration of lead in house dust was about
250 ppm. A comparison of these two groups sug-
gests a value for 6 of about 9 Ag/dL/1000 ppm. There
seems no reason to change the main conclusion
(given at the beginning of this section) reached in
the review.

Discussion
There is a prima facie case for the hypothesis

that the ingestion of urban dust via dirty hands
gives rise to a significant intake of lead during early
childhood. The peak level of blood lead frequently
observed at 2-3 years of age, the enhancement of
the child/adult blood-lead ratio which occurs in con-
taminated areas and the relationship between blood
lead and lead in dust seen in many studies, can all
be accounted for by the hypothesis.

For most urban children it is likely that a greater
intake of lead comes about from the ingestion of
dust than from the inhalation of airborne material.
It follows that there is a need for a lead-in-dust
standard to be used in parallel with a lead-in-air one.
It is sormetimes said that a lead-in-dust standard is
impractical because the monitoring required pre-
sents such difficulties: principally those arising from
large spatial and temporal variations in the concen-
tration of lead in dust. However, while it is true
that the taking of a few spot samples can give a
very misleading picture, the setting up of an effec-
tive monitoring program is quite practicable, partic-
ularly if large area sampling is used (51). It should
be noted here that analogous difficulties of monitor-
ing (52) have not prevented the adoption of stan-
dards for airborne lead.

Perhaps there is also the view that if 6 were real-
ly as high as 5,g/dL/1000 ppm then one might ex-
pect a greater difference in the blood-lead levels of
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urban and rural children than is actually observed.
But there are few studies comparing matched popu-
lations of children from urban areas with those from
rural (or suburban) areas on which to base such a
view. And what studies there are do not present a
uniform picture. The measurements made by Taski-
nen and her colleagues (16) of blood-lead levels of
Finnish preschool children show a very low mean
value (about 6 pg/dL), no correlation with age, and
no significant differences in the blood-lead kvels of
children from three different types of area (urban,
rural and smelter); the authors mention an annual
mean concentration of airborne lead of 0.94 Mg/m3 at
one of the busiest city-center crossings in Helsinki,
but otherwise give no data on air and dust lead in
their survey areas. A recent study by Elwood et al.
(53) among preschool children in Wales showed no
difference in the mean blood-lead level of a group
living adjacent to busy major roads compared with
that of a group living in a rural area. By contrast,
some work from the United States (54-56) suggests
that the blood-lead levels of urban children may be
about 10 ,ug/dL higher than those of rural children
(such a large difference could not be accounted
for by the inhalation route alone) although it must
be noted that there were difficulties in matching for
race. Again, in a study of urban and suburban
school children (aged 10-15 years) in Tokyo, Okubo
et al. (57) found significantly higher blood-lead levels
in the urban groups. The blood-lead levels of the
urban children decreased with age while those of
the suburban were roughly constant; the ur-
ban/suburban difference therefore decreased with
age (from about 5.5,g/dL for the 10-year-olds to
about 1.5,g/dL for the 15-year-olds). The authors re-
port similar concentrations of airborne lead in the
urban and suburban areas (about 0.55 M*g/m3 and 0.4
Mg/m3, respectively) and speculate that exposure to
lead in street dust is probably responsible for the
differences in blood-lead levels.

There is a general paucity of data on lead-in-dust
concentrations in rural communities. Levels in outer
suburbs or in medium-sized towns are sometimes
not much less than in inner-city areas (42, 58). It
would be instructive to have blood-lead data on chil-
dren from urban and rural areas where comprehen-
sive measurements of environmental lead levels
have shown a marked urban/rural difference.

The author thanks his colleagues for discussion and useful
criticism. However, the views expressed are his own and not
necessarily those of his colleagues or of the Greater London
Council.

REFERENCES

1. Commission of the European Communities. Proposal for a
Council Directive on Air Quality Standards for Lead,

COM (75) 166 (1975).
2. Duggan, M. J. Lead in urban dust: an assessment. Water,

Air Soil Pollution 14: 309-321 (1980).
3. Greater London Council. Guidelines for the assessment of

lead pollution. Joint report of the Recreation and Com-
munity Services Policy Committee and the Planning and
Communications Policy Committee, February 16 and
March 11, 1981.

4. Ter Haar, G. In: Proceedings of Management and Control
of Heavy Metals in the Environment (R. Hurley, Ed.),
Imperial College, London, 1979.

5. Chamberlain, A. C., Heard, M. J., Little, P., Newton, D.,
Wells, A. C., and Wiffen, R. D. Investigations into lead
from motor vehicles. Harwell Report AERE-R.9198,
HMSO, London, 1978.

6. Department of Health and Social Security Working Party
on Lead in the Environment. Lead and Health, HMSO,
London, 1980.

7. United States Environmental Protection Agency. Air
Quality Criteria for Lead, Report EPA-600/8-77-017,
Washington DC, 1977.

8. Department of the Environment. Lead pollution in Birm-
ingham. Pollution Paper No. 14, HMSO, London, 1978.

9. Mahaffey, K. R., Annest, J. L., Barbano, H. E. and Mur-
phy, R. S. Preliminary analysis of blood-lead concentra-
tions for children and adults: HANES II, 1976-1978. In:
Trace Substances in Environmental Health -XIII, a Sym-
posium (D. D. Hemphill, Ed.), University of Missouri, Col-
umbia, MO, 1979.

10. Department of the Environment. European Community
screening programme for lead: United Kingdom results
for 1979-1980. Pollution Report No. 10, HMSO, London
1981.

11. Haas, T., Mache, K., Schaller, K., Wiek, A., Mache, W.,
and Valentin, H. Untersuchungen uber die okologische
Bleibelastung im Kindesalter. Proceedings of an Interna-
tional symposium on Environmental Health Aspects of
Lead, Amsterdam, 1972.

12. Sartor, F. A., and Rondia, D. Setting legislative norms for
environmental lead exposure: results of an epidemiologi-
cal survey in the East of Belgium. Toxicology Letters 7:
251-257 (1981).

13. Nygaard, S.-P., Ottosen, J. and Hansen, J. C. Whole-blood
lead concentrations in Danes: relation to age and environ-
ment. Danish Med. Bull. 24: 49-51 (1977).

14. Nordman, C. H., Environmental lead exposure in Finland.
A study on selected population groups. Academic disser-
tation, Institute of Occupational Health, Helsinki, 1975.

15. Bach, E., Voksnes belastning med bly. Dansk Institute for
Klinisk epidemiologi, Copenhagen, 1979.

16. Taskinen, H., Nordman, H., and Hernberg, S. Blood-lead
levels in Finnish preschool children. Sci. Total Environ.
20: 117-129 (1981).

17. Gibson, S. L. M., Lam, C. N., McCrea, W. M., and
Goldberg, A. Blood-lead levels in normal and mentally de-
ficient children. Arch. Dis. Childh. 42: 573-578 (1967).

18. Zielhuis, R. L., del Castilho, P., Herber, R. F. M., and
Wibowo, A. A. E. Levels of lead and other metals in
human blood: suggestive relationships, determining
factors. Environ. Health Perspect. 25: 103- 109 (1978).

19. International Commission on Radiological Protection. Re-
port of the Task Group on Reference Man. Pergamon
Press, 1975.

20. Elwood, W. J. , Clayton, B. E., Cox, R. A., Delves, H. T.,
King, E., Malcom, D., Ratcliffe, J. M. and Taylor, J. F.
Lead in human blood and in the environment near a bat-
tery factory. Brit. J. Prev. Soc. Med. 31: 154- 163 (1977).

21. Johnson, D. E., Tillery, J. B., and Prevost, R. J. Levels of
platinum, palladium and lead in populations of Southern



ROLE OFLEAD INDUSTIN CHILDREN'S BLOOD LEAD 381

California. Environ. Health Perspect. 12: 27-33 (1975).
22. Roels, H. A., Buchet, J.-P., Lauwerys, R. R., Bruaux, P.,

Claeys-Thoreau, F., Lafontaine, A., and Verduyn, G. Ex-
posure to lead by the oral and pulmonary routes of chil-
dren living in the vicinity of a primary lead smelter.
Environ. Res. 22: 81-94 (1980).

23. Roels, H. A., Buchet, J.-P., Lauwerys, R., Bruaux, P.,
Claey-Thoreau, F., Lafontaine, A., Van Overschelde, J.,
and Verduyn, G. Lead and cadmium absorption among
children near a non-ferrous metal plant. A follow-up study
of a test case. Environ. Res. 15: 290-308 (1978).

24. Barltrop, D., Strehlow, C. D., Thornton, L. and Webb, J.
S. Absorption of lead from dust and soil, Postgrad. Med.
J. 51: 801-804 (1975).

25. Yankel, A. J., von Lindern, I. H., and Walter, S. D. The
Silver Valley Study; the relationship between childhood
blood lead levels and environmental exposure. J. Air
Pollut. Control Assoc. 27: 763-767 (1977).

26. Landsdown, R. G., Clayton, B. E., Graham, P. J.,
Shepherd, J., Delves, H. T., and Turner, W. C. Blood-lead
levels, behaviour and intelligence; a population study.
Lancet i: 538-541 (1974).

27. Millar, I. B. Monitoring of lead in the environment. J.
Epidemiol. Commun. Health 32: 111-116 (1978).

28. Schmitt, N., Philion, J. J., Larsen, A. A., Harnadek, M.,
and Lynch, A. J. Surface soil as a potential source of lead
exposure for young children. Can. Med. J. 121: 1474-1478
(1979).

29. Robert, T. M., Hutchinson, T. C., Paige, J., Chattopad-
hyay, A., Jervis, R. E., Van Loon, J., and Parkinson, D. K.
Lead contamination around secondary smelters; estima-
tion of dispersal and accumulation by humans. Science
186: 1120-1123 (1974).

30. Day, A. G., Evans, G., and Robson, L. E. An environmen-
tal impact study of an urban motorway. City of Bristol,
Environmental Health Department, July 1977.

31. Worth, D., Craun, G., Karelekas, P., De Vos, E., Lieber-
man, M., Matranga, A., and Ryan, C. The contribution of
household tap water to blood lead levels. Proceedings of
Second International Symposium on Environmental Lead
Research, Cincinnati, 1978. Academic Press, New York.

32. Alexander, F. W., Delves, H. T., and Clayton, B. E. The
uptake and excretion by children of lead and other con-
taminants. Proceedings of a CEC Symposium on Environ-
mental Health Aspects of Lead, Commission of European
Communities, Amsterdam, 1972, pp. 319-331.

33. Ziegler, E. E., Edwards, B. B., Jensen, R. L. Mahaffey,
K. R., and Fomon, S. J. Absorption and retention of lead
by infants. Pediat. Res. 12: 29-34 (1978).

34. Elwood, P. C., Thomas, H., and Sheltawy, M. Blood lead
levels in mothers and their children. Lancet i: 1363-1364
(1978).

35. Gibson, J. L. A plea for painted railings and painted walls
of rooms as the source of lead poisoning amongst Queens-
land children. Austral. Med. Gaz. 1904: 149-153 (April
1904).

36. Duggan, M. J., Inorganic lead in ambient air-how should
its significance be assessed. Greater London Council Sci-
entific Branch Report ESG/EA/R17A, 1975.

37. Ratcliffe, J. M., Lead in man and the environment. Ellis
Horwood Limited, Chichester, England, 1981.

38. Baker, E. L., Folland, D. S., Taylor, T. A., Frank, M.,
Peterson, W., Lovejoy, G., Cox, D., Housworth, J., and
Landrigan, P. J. Lead poisoning in children of lead-
workers. New Engl. J. Med. 296: 260-261 (1977).

39. Walter, S. D., Yankel, A. J., and von Lindern, I. H. Age-

specific risk factors for lead absorption in children. Arch.
Environ. Health. 35: 53-58 (1980).

40. Stephens, R. A. The total relationship between airborne
lead and body lead burdens. Proceedings of a Symposium
on Lead Pollution, Health Effects, University College
London, 1978, The Conservation Society, London, 1978.

41. Lepow, M. L., Bruckman, L., Gillette, M., Markowitz, S.,
Robino, R., and Kapish, J. Investigations into sources of
lead in the environment of urban children. Environ. Res.
10: 415-426 (1975).

42. Day, J. P., Hart, M., and Robinson, M. S. Lead in urban
street dust. Nature 253: 343-345 (1975).

43. Duggan, M. J., and Williams, S. Lead in dust in city
streets, Sci. Total Environ. 7: 91-97 (1977).

44. Sayre, J. W., Charney, E., Vostal, J., and Pless, I. House
and hand dust as a potential source of childhood lead
exposure. Am. J. Dis. Childh. 12: 167- 170 (1974).

45. Charney, E., Sayre, J., and Coulter, M. Increased lead ab-
sorption in inner city children: where does the lead come
from? Pediatrics 65: 226-231 (1980).

46. Turner, A. C., and Carroll, J. D. The determination of en-
vironmental lead near works and roads in conjunction
with the EC blood-lead survey 1978-9. Warren Spring
Laboratory Report LR 189 (AP), Stevenage, UK, 1980.

47. Greater London Council. Lead pollution in Abbey Wood
Thamesmead. Public Services and Safety Committee Re-
port PS 252, 1979.

48. Rice, C., Fischbein, A., Lilis, R., Sarkozi, L., Steven, K.,
and Selikoff, I. J. Lead contamination in the homes of em-
ployees of secondary lead smelters. Environ. Res. 15:
375-380 (1978).

49. Watson, W. W., Witherell, L. E., and Giguerre, G. C. In-
creased lead absorption in children of workers in a lead
storage battery plant. J. Occup. Med. 20: 759-761 (1978).

50. Milar, C. R., and Mushak, P. Lead contaminated house-
dust: hazard, measurement and decontamination. In: Lead
Absorption in Children; Management, Clinical and Envi-
ronmental Aspects (J. J. Chisholm, Jr., and D. M. O'Hara,
Eds). Urban and Schwarzenber, Baltimore, 1982, pp.
143- 152.

51. Duggan, M. J. The concentration of lead in playground
dust at Telferscot and Hyde Farm Schools. Greater
London Council Scientific Branch Report ESD/R103, 1981.

52. Duggan, M. J. Measurements of environmental lead-the
problem of representative sampling. Clean Air 11: 87-89
(1981).

53. Elwood, P. C., Gallacher, J., and Toothill, C. Brit. Med. J.
284: 1189-1190 (1982).

54. Angle, C. R., and McIntire, M. S. Environmental lead and
children: the Omaha Study. J. Toxicol. Environ. Health 5:
855-870 (1979).

55. Joselow, M. M., Banton, J. E., Fisher, W., and Valentine,
J. Environmental contrasts: blood levels of children in Ho-
nolulu and Newark. J. Environ. Health 37: 10-12 (1974).

56. Cohen, C. J., Bowers, G. N., and Lepow, M. L. Epidemiol-
ogy of lead poisoning, a comparison between urban and
rural children. J. Am. Med. Assoc. 226: 1430- 1433 (1973).

57. Okubo, T., Tsuchiya, K., Nagasaki, M., Nakayima, T.,
Kamijyo, H., and Mizoguchi, I. A further study of the bio-
logical effects of lead on urban and suburban Tokyo school
children. Int. Arch. Occup. Environ. Health 41: 17-23
(1978).

58. Little, P., and Heard, M. J. An environmental lead survey
near motorways in West London. Harwell report
AERE-R8354, HMSO, London, 1978.


